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AMENDMENTS TO THE CLAIMS 
The following listing of the claims will replace all prior versions and listings of the 
claims in this application. Where claims have been amended or canceled, such 
amendments and cancellations are done without prejudice, waiver or disclaimer to the 
claimed subject matter. The applicant and/or assignee reserves the right to claim this 
subject matter and other disclosed subject matter in a continuing application: 

Listing of Claims: 

1. (Currently Amended) A method for rendering a digital object, the method 
comprising: 

receiving information defining a digital object, wherein the digital object 
comprises a computer-generated three-dimensional surface geometry to be rendered to 
produce an appearance of translucent skin material , and wherein the information is 
sufficient for defining modeled light reflected from the surface geometry of the digital 
object in a modeled light environment; 

generating , using a simple reflectance model, a two-dimensional light intensity 
matrix representing diffuse reflection from a modeled color-neutral surface of the digital 
object in the modeled light environment exclusive of sub-surface scattering effects , eaeh 
matr i x e ntry mapp e d to a un i qu e surface el e m e nt of th e surf a c e g e om e try, each matrix 
entry being a lumel representing a modeled light intensity correlated to a mapped 
unique surface element of the digital object; 

blurring the light intensity matrix, thereby producing a blurred matrix; and 

rendering the digital object, using matrix entries from the blurred matrix to 
determine pixel intensity values for the digital object combined with a color map 
representing specular surface reflection from a modeled non-neutral surface of the 
digital object in the modeled light environment, to produce an appearance simulating 
subsurface scattering in the translucent skin material . 

2. (Original) The method of claim 1, wherein the generating step further 
comprises computing a modeled light intensity for each matrix entry using detailed skin 
topographical data. 
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3. (Original) The method of claim 2, wherein the generating step further 
comprises processing the detailed skin topographical data in the form of a bump map. 

4. (Original) The method of claim 2, further comprising obtaining the 
detailed skin topographical data by measuring a three-dimensional structure of a skin 
surface sample. 

5. (Original) The method of claim 1, wherein the rendering step further 
comprises using color values from a color map to determine pixel color values for the 
digital object. 

6. (Original) The method of claim 1, wherein the rendering step further 
comprises determining the pixel intensity values by mip-mapping the blurred light 
intensity matrix. 

7. (Original) The method of claim 6, further comprising generating a color 
map comprising a two-dimensional matrix, wherein each matrix entry of the color map 
represents a color of the unique surface element of the digital object. 

8. (Original) The method of claim 1, wherein the blurring step further 
comprises convolving the light intensity matrix. 

9. (Original) The method of claim 1, wherein the blurring step further 
comprises processing the light intensity matrix using a Fast Fourier Transform function. 

10. (Previously presented) The method of claim 1, wherein the blurring 
step further comprises executing a blurring algorithm of the form e~^ 2+y ' /(T , where x and 
y are the horizontal and vertical widths, respectively, of the blur kernel in number of 
lumels, e is the base of the natural logarithm, and a is a spreading parameter. 
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11. (Original) The method of claim 1, wherein the generating step further 
comprises generating a light intensity matrix for each of three color separation channels. 

12. (Original) The method of claim 11, wherein the blurring step further 
comprises blurring the light intensity map for each channel according to the general 
expression 

lx,y = V x ,y' lo.O', 

where l Xiy is a blurred value of each (x,y) th lumel, V x , y is an attenuation factor for 
each (x,y) th defining a blur kernel having a predetermined width, and / 0 , 0 is an unblurred 
value of each (x,y) t h lumel of the light intensity map. 

13. (Previously presented) The method of claim 12, wherein the blurring 
step further comprises computing the blur kernel 



separately for each channel, wherein x and y are computed over the range of 
-hRGB to hiRGB, hRGB is a corresponding h R , he or he halfwidth of the blur kernel for each 
channel, and Prgb is a corresponding Pr, Pg, or Pb power factor for each channel. 

14. (Original) The method of claim 12, wherein the blurring step further 
comprises computing V xy using a corresponding value of P R , Pg, and P B for each 
respective color channel within a range of 2 to 4. 

15. (Original) The method of claim 12, wherein the blurring step further 
comprises computing V x , y over a halfwidth h RG B determined by 



where Wis the width or largest dimension of the lightmap, in number of lumels, 
Krgb is a corresponding kernel size factor K R , K G , and K B for each respective color 
channel within a range of 5 to 20, a is within a range of 1000 to 2000, and b is within a 
range of 0 to 1 . 
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16. (Currently Amended) A system for rendering a digital object, the 
system comprising a memory holding a two-dimensional light intensity matrix 
representing diffuse reflection from a modeled color-neutral surface of the digital object 
in a modeled light environment without subsurface scattering effects , each matrix entry 

lumel representing a modeled light intensity correlated to a mapped unique surface 
element of the digital object, wherein the light intensity matrix is a blurred matrix; and 

a processor operatively coupled to the memory, whereby the processor 
determines pixel intensity values for rendering the digital object using matrix entries 
from the blurred matrix combined with a color map representing specular surface 
reflection from a modeled color non-neutral surface of the digital object, to provide a 
rendered appearance of the digital object emulating subsurface scattering in a 
translucent skin material . 

17. (Original) The system of claim 16, wherein the processor determines 
values of each matrix entry of the blurred matrix using an unblurred light intensity matrix 
and a blurring algorithm. 

18. (Original) The system of claim 16, wherein the memory further holds a 
two-dimensional color map of the digital object, and wherein the processor determines 
pixel color values for rendering the digital object using the color map. 

19. (Original) The system of claim 16, wherein the memory further holds a 
two-dimensional bump map, the bump map describing fine surface variation between 
surfaces of the digital object and a modeled 3D geometry of the digital object. 

20. (Original) The system of claim 19, wherein the processor calculates a 
two-dimensional unblurred light intensity matrix using the bump map and a modeled 
light environment. 
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21 . (Currently amended) A method for approximating subsurface scattering of 
an object to render the object comprising: 

generating a first matrix of light intensity values each representing diffuse 
reflection from a standard color-neutral surface excluding representation of subsurface 
light scattering and specular reflection : 

blurring the matrix of light intensity values; 

generating pixel values of an image of the object using the blurred matrix of light 
intensity values in combination with a color map representing specular surface colors of 
the object to provide a rendered image simulating subsurface scattering in a skin 
surface of the object ; and 

storing in a memory pixel values of the image. 

22. (Currently amended) The method of claim 21 further comprising: 
generating the color map as a second matrix of values representing specular 

surface reflection from the object! 

wh e r ei n g e n e rat i ng p i x el valu e s of an i mag e of the obj e ct furth e r compr i s e s us i ng 
th e s e cond matr i x of va l u e s r e pr e s e nt i ng sp e cu l ar surfac e r e f le ct i on from th e obj e ct . 

23. (Currently amended) A system for approximating subsurface scattering of 
an object to render the object comprising: 

a computer memory storing a blurred two dimensional matrix of light intensity 
values each representing diffuse reflection from a st a nd a rd color-neutral surface 
excluding representation of subsurface light scattering and specular reflection ; and 

a processing unit in communication with the computer memory, wherein the 
processing unit is programmed with instructions for rendering the object using the 
blurred two dimensional matrix of light intensity values in combination with a color map 
representing specular surface colors of the object to provide a rendered image 
simulating subsurface scattering in a skin surface of the object to determine pixel 
values. 
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24. (Currently amended) The system of claim 23 further comprising: 
a computer memory storing the color map as a two dimensional matrix of values 
representing specular surface reflection from the object! 

wh e r ei n th e proc e ss i ng un i t i s programm e d w i th i nstruct i ons for r e nd e r i ng th e 



25. (Currently amended) The system of claim 24, wherein the processing unit 
is programmed with instructions for generating the blurred two dimensional li ght map 
matrix of light intensity values from the an unblurred two dimensional li ght map matrix of 
light intensity values . 
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